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IMMUNOLOGICALASSAY OF OXTOAITVELY MODIFIED HUMAN 
LOW DENSITY LIPOPROTEINS IN PLASMA 

5 Hie present invention relates generally to the inununodetection of 
Qzldativelytnodified low density lipoproteins (LDLX antibodies ttiveto or an 
inunune oomplex therectf , in biological fluid More particularly, the present invention 
relates to an enzjone-linked immunosorbent assay (EUSA) technique for the analysis 
of ooddativetynnodified LDL^ antibodies thereto or an immune complex thereof in 
10 mammalian plasma, aiHl even more particularly, human plasma. Tbe present 
invention is also directed to a Idt to facilitate the EUSA technique. The present 
invention is particularly useful in the assessment of coronary heart disease risk. 

Throughout this specification and the daims -^di f oUow, unless the context requires 
IS otherwise, the word "oomprise^ or variations such as ''comprises" or "comprising", vnll 
be understood to imply the inclusion of a stated integer or group of integers but not 
the exclusion of any other integer or group of integers* 

Plasma low density lipoprotein (Ii3L) can und^go free radical induced oxidation 
20 either catalyzed by divalent ions such as d^* (Steinbrecher eL al I Eroc^NatLAt^ 
Sd- ILS A, 89:3883-7, 1984) or by incubation wifli cultured cells such as endoflielial 
cells (Steinbrecher et aL ssxprs; Moreal et aL Arteriosclemsis 4:357*364, 1984), 
vascular smooth musde, (Morel et aL siQira) monocytes, neutrophils (Cathcart etaL 
J.Leulcocyte Biol 38:341-350, 1985) or macroi^ages (Parthasarathy eL aL 
25 ArteriQsclerQs« fi;5QS-510, 1986). The oaddation of LDL results in a number of 
chemical changes including inaeased electrophoretic mobility (Steinbrecher et aL 
wpa^ changes in fluorescent properties (Koller et aL F^BS Lett, 198:229-234^ 
1986), loss of polyunsaturated fatty adds and vitamin E and tiie generation of 
aldehydes (Esterbauer et aL IIjpid£fiS. 28:495*509, 1987) and die modification oS 
30 lysine reddues of ^^lipoprotein B by lipid peroxide decomposition products 
(Steinbrecher fit aL II J Biol- Qiem- 2fi2;3603-3608, 1987). Ihe functional dianges 
of oxidized LDL indude recognition by the scavenger receptor on maat>(diag^ 
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(Steinhrecher fit aL n siQ^iia; Parthasarathy al Proc. Natl. ^cr± Sci. II-SA 
84:507-540, 1987), cytotoxidty to human vascular smooth musde cells and endothelial 
cells (Hessler fit aL Athemsclemsis 32:213-229, 1979), chemotasis for human 
monocytes (Quinn fit aL I Pmc Natl. AcacL Sd. 84:2995-2998, 1987) and 

5 mhibition of mouse peritoneal macrophage chemotaids (Quinn fit al II Proc. Natl. 
Acad- Sd. US A. 82-^949-5953, 1985). 

It is now becoming dear that the osidative modification of LDL by endothelial cells, 
smooth musde cells, monocytes and macrophages in the arterial wall plays an 

10 unportant, if not the dedsive, role in Ae initiation of the athoosderotic lesion 
(Stftinherg et si. Am, J Cardinl- 62?m-im, iQm). Oxidized LDL attracts monocytes 
into tiie subendothelial space ^ere the monocytes are converted to macrophages 
^di then take up the oaddized IBL generating die foam cells diaracteristic ot the 
earty fatty streak. Hie mobility of the macrophages is inhibited, trapping them m 

IS lesion sites. The coddized LDL is also toxic to endothelial cells and could be 
responsible for endothelial injury. 

An GsidatiYely modified LDL subfraction has been isolated from human plasma in 
amounts ranging from 5% to 10% of the total LDL (Arogaro fit aL Arteriosderosi^ 
20 8:79*87, 1983). Increased blood concentrations of cholesterol are a well-established 
risk factor for coronary heart disease (Castelli fit aL Circulation £2:730-734, 1983). 
Qxidatively modified IDL also exists in an immune complex: with antibodies. Fne 
antibodies to coddatively modified LDL also exist. 

25 If oxidatively modified LDL is important in the pathogoiesis <rf atherosderosis then 
the measurement of oxidi?^ LDL, antibodies thereto or an immune complex thereof 
in plasma may be a more reliable indicator of atherosderotic risk than the 
measurement of diolesterol or LDL alone. 

30 Aooordin^y, the present invention contemplates a method for detecting 
Qxidativety-modified low density lipoprotein (LDL), or LDL in an immune complex 
with antibodies thereto, in biological fluid ^di method comiMises contacting the 
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fluid to be tested with an antibody specific to oxidized LDL for a time and under 
conditions suffident for an LDL-antibody complex to form and then detecting said 
complex by a detection means. 

5 More particularly, the present invention is directed to a method for detecting 
Qoddativelyinodified LDU or oxidized LDL in an immune complex witiK antibodies 
thereto, in human plasma which method comprises contacting the plasma to be 
tested with a monoclonal antibody spedfic to oxidised IDl^ for a time and under 
conditions sufficient for an LDL*antibody complex to bxrm and then detecting said 
10 complex by a detecting means. 

Another aspect of the present invention relates to a method for detecting antflxxlies 
interactive witii oxidized LDL or antibodies in an immune CGaxq>lex with oxidized 
LDL in Inotogical fluid, sudi as human plasma, ^ch method comprises contacting 
15 the fluid to be tested ^tfa oxidized LDL for a time and under conditions suffident 
to form an antibody-LDL complex and tiien detecting said complex by a detection 
means. 

In one embodiment, the detecting means comprises an antibody labelled with a 
20 reporter molecule capable of giving a detectable signal. 

Yet another aspect of the present invention relates to a kit useful in the analysis of 
Qxidativelyinodified LDL^ antibodies thereto or an immune complex tiiereof in 
human plasma. 

25 

The present invention also contemplates a method for assessing coronary heart 
disease risk in a human nmprising quantitating the level of Qxidativelyinodified 
LDL, or o x i d ize d LDL in an immune complex with antibodies thereto in plasma 
from said human by contacting said plasma with a moiKKlonal antibody specific to 
30 Qiddized LDL for a time and undff conditions suffident to form an LDL-antibody 
complex and subjecting said complex to a quanting detecting means and comparing 
the level so detected to a predetermined amount 
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Another aspect of the present invention relates to a method for assessing coronary 
heart disease risk in a human comprising quantitating the level of antibodies specific 
for oxidattvelymodified LDL or antibodies in an immime complex with oxidized ^ 
LDL in plasma from said human by contacting said plasma with oxidized IDL for 
5 a time and under conditions sufficient to form an antibody^LDL complex and 
subjecting said complex to a quantifying detecting means and comparing the level so 
determined to a predetermined amount 

For convenience, "coddative^nnodified LDL" as used in the present q)ecification has 
10 the same meaning as "oxidized LDL". Both terms are used intorcfaangeably. 

The present invention is directed to amethod of detecting ooddativelyino^ 
antibodies thereto or an immune complex thereof in biological fluid vMdh comprises 
contacting the fluid to be tested with an antibody specific to oxidized LDL^ en* with 

15 oxidized LDL enable of binding to an antibody th^to for a tmie and imder 
conditions suffident far an LDL-antibody complex to form and dien subjecting said 
complex to a detectmg means. Henceforth, reference to oxidized LDL is intended 
to encompass oxidized LDL| antibodies thereto and/or an immxme complex between 
said oxidized LDL and said antibodi^. The latter complex is also referred to as a 

20 circulating immune complex. By "detecting" is meant to include both quantitative 
and qualitative detection of ondized LDL or antibodies thereto. "Detecting means" 
includes, in the case of detecting oxidized LDL, a first antibody* specific or oUierwise 
interactive to oxidized LDL and labelled with a reporter molecule capable of giving 
a detectable signal or a second antibody specific or otherwise interactive to said first 

2S antibody, where said second antibody is labeUed with the reporter molecule. Incase 
of detecting antibodies to ooddia^ LDL in a mammal (eg. humanX ^ detecting 
means includes an anti-mammalian antibody capable of bhxling to the antibcxfy to 
be detected, said anti^ammalian antibody labelled with a reporter molecule. . 
"Biological fluid" is used in its broadest sense and includes ia Yilm culture 

30 siq>ematant fluid and/or cell extract or in idm animal-, or more particularly, 
mammalian-^derived fluid such as serum, plasma, tissue extract and the like* In one 
preferred embodiment, biological fluid is human plasma. 
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In accordance with the present invention, antibodies are generated to 
oxidatively^odified LDL. The latter refers to any LDL having undergone free 
radical induced oxidadon either catalyzed by divalent ions such as Oj?^, amongst 
others^ or by incubation with cultured cells such as endothelial cells, vascular smoodi 
S musde, monocles, neutrophils or macroidiages. Reference herein to ooddatively^ 
modified LDL also mdudes reference to circulating populations of LDL subfiracdons 
such as from patients widi cardiovascular disease. Qiddativelyinodified LDL have 
prpperdes as hereinbefore described Although for the purposes of eaenq>lification 
Cu^^ is described herein as being used to induce oxidation of LDL^ this should not 
10 be construed as a limitation to a particular mode of ooddation. In the followiqg 
disclosure* reference to ooddized LDL is also meant to encompass antibodies diereto 
and immune complexes thereof. 

Both polydcmal and monoclonal antibodies are obtainable by immunization ctf 
IS anhnals with aiddativelynnodified LDL» and eidier type is utilizable for 
immunoassays* The methods of obtaining both types of sera are well known in the 
art Polyclonal sera are less preferred but are relatively easily prepared by injection 
of a suitable laboratory animal with an eifective amount of the oxidativelynnodified 
LDL, collecting serum from the animal, and isolating specific sera by any of the 
20 known immunoadsorbent techniques. Although antibodies produced by this method 
are utiU^ble in virtually any type of immunoassay, they are generally less favoured 
because of the potential heterogeneity of the product 

Hie use of monoclonal antibodies in the present immunoassay is particularly 
25 |»eferred because of the ability to produce them in large quantities and the 
homogeneity of the produce. The preparation of hybridoma cell Imes for 
monoclonal antibody production derived by fusing an immortal cell line and 
lynqdiocytes sensitized against the immunogenic preparation can be done by 
techniques ^ch are well known to those v/ho are dolled in the art (See, for 
30 example, Douillard and HofEman, "Basic Facts About Hybridomas", in Cfimpendinm 
nf Tmmwiniftgy^ BoL II» L. Scfawartz (Ed), 1981; Kohltf and Mibtein, I Ustm^ 
2Sfi:49fr497, 197S; n EnmpftOT Tnnm»1 nf Immunnlngy, 6:511-519, 1976). 
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Unlike preparation of polyclonal sera, the dioice of animal is dependent on the 
availability of appropriate immortal lines capable of fusing ^th lymphocytes thereof. 
Mouse and rat have been the animals of dioice in hybridoma technology and are 
preferably used Humans can also be utilized as sources for sensitized lymphocytes 
5 if appropriate immortalized human (ca: nonhuman) cell lines are available. For the 
purpose of the present invention, the animal of dioice may be iqected wiUi £rom 
about 20pg to about 500 vgof theaaddativdy^odifiedIJ>Landpreferrab]y5^ 
to about 200 pg. Usually the injecting material is emulsified in Rreund's complete 
adjuvant Boosting isgections may also be required The detection of antibocfy 
10 production can be carried out testing the antisera mth aj^ropriately labelled 
antigen. Lymidiocytes can be obtained by removing the spleen or lymph nodes of 
sensitized animals in a st^e fashion and canying out fusion. Altonatively, 
lymphocytes can be stimulated or wiTnimiTiMi in YitrOp as described, for example, in 
Reading, J- TTmniiTinl, M^.th. 52261-291, 1982. 

15 

A nimiber of cell lines suitable for fusion have been developed, and the choice of 
any particular line for hybridization protocols is directed by any one of a number of 
criteria such as spe^ uniformity of growth characteristics, deficiency of its 
metabolism for a oonqx>nent of the growth medium and potential for good fusion 
20 frequency. 

Intraspecies hybrids, particularly between like strains, work httta than interspecies 
fusions. Several cell lines are available, including mutants selected for the loss of 
ability to secrete myeloma immunoglobulin. Included among these is the mouse 
25 myeloma line NSI (Kcdil» fit aL m Pur t Tnmmnnl. g:292-295, 19S7). Another 
useful myeloma is P3-XAg8.6S3 (Kearney et at L^maunoL 12S: 1548, 1982) Hie 
present invention extends to subclones and other myeloma derived from P3- 
XAgS.653. 

30 Cell fusion can be induced eitiier lyy inrus, sudi as Epstein-Barr or Sendai virus, or 
po^thj^ene glyooL Polyethylene glycol (PEG) is the most efiBcacious agent for the 
fusion of mammalian somatic cells. PEG itsdfniay be toxic for cells, and various 
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concentrations ^ould be tested for effects on viability before attempting fusion. The 
moleoilar ^ight range of PEG may be varied from 1000 to 6000. It gives best 
results ivhen diluted to from about 20% to about 70% (w/w) in saline or serum-free 
medium. Ensure to PEG at 37eC for about 30 seconds is prefwed in the present 
5 case, utilizing murine cells. Extremes of temperature .(i.e^ about ASoC) are avoided^ 
and preincubation of eadi component of the fusion system at 37oC prior to fusion 
gives optimum results. 

The successfully fused cells can be separated from the myeloma line by any 
10 tedmique known by the art The most common and prefened method is to dioose 
a malignant line ^cb is Hypoamhine Guanine Fhosphoribosyl Transferase 
(HGPRT) deficient, \vfaicfa mil not grow in an aminopterin-containing medium used 
to allow only growdi of hybrids and which is generally composed of Iqpoanthine 
1x10*^ aminopterin 1x10*^ and thymidine SzlO"^ ocnnmoniy known as the 
IS IIATwntaining culture medium inmiediately after the fusion 24 houfs The 
feeding schedules usually entail maintenance in HAT medium for two weeks and 
then feeding with either regular culture medium or hypoanthine, 
thymidine-Gontaining medimn. 

20 The growing colonies are then tested for the presence of antibodies that recognise 
the antigenic preparation. Detection of hybridoma antibodies can be performed 
using an assay where the antigen is bound to a solid support and allowed to react to 
hybridoma supematants containing putative antibodies. The presence of antibodies 
may be detected by **sandwich" techniques using a variety of indicatras. Most of die 

25 common methods are sufBcientfy sensitive for use in die range of antibody 
conoentradons secreted during hybrid growth. 

Qoning of hytnids can be carried out after 21-23 days of cell growth hi selected 
medhim. Qomng can be performed by cell Imiiting dilution in fhud phase or by 
30 directly sdecdng single cells grcwrngmsemiTSoUdagaros^^ For limiting dihttion, cell 
suspensions are diluted serially to yield a stattsdcal probability of having only one 
cell per well For the agarose technique, hybrids are seeded in a semisolid upp^ 
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layer, aver a lower layer containiBg feeder cells. The colonies £rom the upper layer 
may be picked up and eventually transferred to wells. 

Antiboc^i^creting hybrids can be grown in various tissue culture flasks, yielding 
5 siq>ematants with variable concentrations of antibodies. In order to obtain higher 
GoncentrationSy hybrids may be transferred into animals to obtain inflammatory 
ascites. Antibodytxintainhig asdtes can be harvested 8-12 days afler itttnq)eritoneal 
injection. The ascites contain a hi^er concentration oi antibodies but indude both 
monodonals and immunoglobulins from the inflammatory ascites. Antibocfy 
10 purification may then be adiieved by, for example, affinity duomatography. 



Hie presence of oxidativelyinodified LDL contemplated herein, in a biological fluid, 
such as in human plasma can be detected utilizmg antibodies prepared as above, 
eidier monodonal or polyclonal, in virtually any type of immunoassay. Alternatively, 

15 antibodies specific to oxidized LDL can be detected, using, for example, anti-human 
antibodies. A wide ran^ of immunoassay techniques are available as can be seen 
by reference to U.S. Patent Nos. 4,016,043 4,424^9 and 4,018,653. Hiis, of course, 
includes both single-site and two-site, or "sandwidi", assays of the non-competitive 
Opes, as well as in the traditional competitive binding assays. A number of 

20 variations of the sandwich assay technique exist, and all are intended to be 
encompassed by the present invention. Briefly, m a ^ical forward assay, an 
unlabelled antibody is immobilized in a solid substrate and the sample to be tested 
brought into contact with the bound molecule. For the purpose of tiie present 
discussion, oridativelyinodified LDL is referred to as the antigen. After a suitable 

25 period of incubation, for a period of time sufiBdent to allow fbrmation of an 
antibodywtigen secondary complex; a second antibody, labelled with a reports 
molecule capable of pnxhidng a detectable shig^e is tiien added and incubated, 
allowing time sufficient for the formation of a tertiary complex of 
antibo(fy-antig^labelled antibo^ (e.g. antibody^mdativelymDdified LDL-antibody). 

30 Any unreacted ma^al is washed awqr, and the presence of the antigen is 
determined by observation of a signal produced by the r^xnter molecule. The 
results may eitiier be qualitative, by simple observation of tiie visible signal, or may 
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be quantitated by comparing ^th a control sample containing known amounts of 
antigen. Variations on the forward assay indude a simultaneous assay, in which both 
sanqde and labelled antibody are added simultaneously to the bound andbody, or a 
reverse assay in ^ch the labelled antibody and sample to be tested are first 
5 combined^ incubated and then added stmultaneously to the bomid antib^^ These 
tedmiques are well known to those skilled m the art, and then possible of minor 
variations will be readily s^>parent Alternative^, a two conqx>nent assay is used 
comprising the antigen to be detected and a labelled antibo<ty. 

10 In the typical forward sandwich assay, a first antibody having interactivity for 
caddativdymodified LDL as contemplated by the present invention, is either 
oovalently or passively bound to a solid surface. The solid surface is typically gla^ 
or a polymer, the most commonly used polymers being cellulose, polyacodamide, 
n^on, polystyrene, polyvinyl chloride or polypropylene* The solid s«q>port5 may be 

15 in the form of tubes, beads, discs or microplats, or any other surface suitable for 
conducting an immunoassay. The binding processes are well-known in the art and 
genially consist of cn^-linking covalentiy binding or physically adsorbing the 
molecule to die insoluble carrier. Following binding, the polymer^antibody complex 
is washed in preparation for the test sample. An aliquot of the sample to be tested 

20 is then added to the soUdjdiase complex and incubated at 2SoC for a period of time 
sufficient to allow binding of any subunit present in the antibody. The incubation 
period will vary but will g^erally be in the range of about 2-40 minutes. Following 
the incubation period, the antibody subunit solid phase is washed and dried and 
incubated with a second antibocty specific for a pwtion of the antigen or first 

25 antibo(fy. The second antibody is linked to a reporter molecule wfaidi is used to 
indicate the binding of the second antibody. 

By "r^xsrter molecule", as used in the present qiedfication, is meant a molecule 
wbidk^ by its diemical nature, provides an analytical^ identifiable or detectable 
30 signal ^ich allows the detection of antigen-bound antibody. Detection may be 
either qualitative or quantitative* Tlie most commonly used reporter molecules in 
this type of assay are either enzymes, Quorpphores or radionuclide contaimng 
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molecules (ie. radioisotopes). In the case of and enzyme immunoassay, an en^mie 
is conjugated to the se(X>nd antibody, generally by means of glutaraldehyde or 
periodate. As ^vill be readily recognized, however, a ^de variety of different 
conjugation techniques exist, ivhich are readily available to the skilled artisan. 
5 Cdmmoniy used en2ymes indude horseradish peroxidase, streptavidin peroxidase, 
^ucose oxidase, beta*galactosidase and alkaline phosphatase, anu>ng;5t otfam. The 
substrates to be used with the q>ecific en2ymes are generally chosen for the 
production, upon hydrolysis by the corresponding enzyme, of a ^tectable colour 
change. For example, pmitropheiiyl i^sphate is suitable for use with alkaline 

10 jdiosphatase conjugates; for pmixklase conjugates^ 1,2-phenylenediamme, 
S-aminosalicyclic add, or tolidme are ccHumonly used. It is also possible to employ 
fhiorogenic substrates, ^ch yield a fluorescent product rather than the cfaromogenic 
substrates noted above. In all cases, the en^me-labelled antibody is added to the 
first antibody-antigen comples^ allowed to bind, and then the excess reagent is 

15 washed away. A solution containing the appropriate substrate is then added to the 
terdary complex of antibodyantigen-antibody. The substrate will react with the 
enzyme linked to the second antibody, giving a qualitative visual signal, which may 
be further quantitated, usually spectophotometridy, to give an indication of the 
amount of haptm ^di was present in the sample. 

20 

Alternatively, fluorescent compounds, sudi as fhiorescein and rhodamine, may be 
. chemically coupled to antibodies without altering their binding capadty. When 
activated by illumination witii light of a particular wavelength, the 
fluoroduome-labelled antibody absorbs tiie li^t eneigy, inducing a state of 

2S exdtabili^ in tiie molecule, followed by emission of die light at a characteristic 
colour visually detectable with a lig^t microscope. As in the EOSA, the fluorescent 
labelled antibody is allowed to bind to the first antibocfy-antigen om^lex. After 
washing off the unbound reag^t, the remaining tertiary conq>lex is then eaqxised to 
the lig^t of the ^propriate wavelength, the fluorescence observed indicates tiie 

30 presence of the antigen of interest, immunofluorescene and EUSA tedmiques are 
both v^ well established in tiie art and are particularly preferred for the present 
method. However, other reporter molecoles, such as radioisotope. 
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<±Lemiluniinesoent or bioluminescent molecules, may also be en^doyed It will be 
readily apparent to the skilled technician how to vary the procedure to suit the 
required purpose. It will also be apparent that the foregoing can be used to detect 
direct^ or indirectly (Le^ ida antibodies or immune ccmipleaes) the LDL of this 
S invention. For emxqde, antibodies to oxidized LDL are readily detectable in 
biological fluid, e.g. human |dasma, 1^ contacting the fluid widi oaddized LDL in 
order to form an immune complex between oridized IDL and its antibodies* Tbe 
same techniques are used as described above. Such an immune complex can be 
detected using labelled anti-mammalian antibodies capable of binding to tbe 
10 antibody in the immune complex: 

The present invention is also directed to a kit for the rapid and convenient assay of 
OGddativdy^odified LDL^ antibodies thereto or imTminft complexes thereof in 
mammalian bod^ fluids, such as human plasma. The kit is compartmentalized to 

IS receive a first container ad^ted to contain an antibody to oxidativelymodified IDL, 
and a second container adapted to contain a second antibody to said first antibocfy, 
said second antibody being labelled with a reporter molecule capable of giving a 
detectable signal as hereinbefore described. If the reporter molecule is an en^me, 
then a third container adapted to contain a substrate for said em^e is providedL 

20 Alternatively, the first container may contain oxidized LDL and the second contains 
contains anti-mammalian (eg. himian) antibody labelled with a reporter molecule. 
In an exemplified use of the subject kit, a sample to be tested for 
aadativdymodified LDL, antibodies thereto or an immune complex thereof is 
contacted to the contents of the first container for a time and under conditions for 

25 an LDL antibody complex to form. If such a complex does form, it is detected by 
the second antibodies of the second container which will bind to the secondary 
complex to form a tertiaty complex and, anoe said second antibodies are labelled 
with a reporter molecule, ^en subjected to a detecting means, the tertiary complex 
is detected. 

30 

For convenience, the "containers" described above niay indude a microtitre tr^ or 
other sunilar device or may indude a paper material 
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Accordingly, the present invention provides a rapid and oonvenient assay for 
coddadvelymodified LDL, antibodies thereto or immune com]dexes diereof in 
biolo^cal fluid, sudi as human plasma. This is particularly important in the 
assessment of coronary heart disease risk. It is also useful in monitoring dierapeutic 
S regima for treating athOT)sclerosis. 



Hie present invention is farther described by the following non-limiting Figures and 
Examples. 

10 In the Figures: 

¥ig^ 1 is a graphical representation of the elution profile of LDLby icm eachange 
chromatography, 28Qnm; o-o 2S4nm. 

Figure 2 is a graphical representation of the fraction spectrum of LDL iscdated by 
IS ultracentrifugal techniques; Region A: lOOpg/ml; Region B: 400yg/ml; Region C: 
20Svg/mL 

EXAMTLEl 
LI Preparation of Native lipoproteins. 

20 lipoproteins from normolipidemic individuals are prepared fromfreshly drawn blood 
anticoagulated with citrate and ethylenediamine tetracetic add (EDTA), The plasma 
density is adjusted to 1.019 with a hi^ density salt solution (NaQ and KBr, 
containing EDTA) (Hatch et aL Adv. Lipid. Res. 6:1-68, 1968). After centrifugation 
(IJxlO^gxhours) the pooled superanatant is adjusted to d= 1.063, recentrifuged 

25 (ilxltfgrfiours) and LDL (d= 1.019 to 1.063g/ml) is coUected. The preparation is 
washed and dialysed at 4oC for 24 hours against modified lyrode's buffer (NaQ 
14QmM, KQ 2.68mM, NaHCO, 11.9mM, HaH^O^O 032mM, pH7.4) containing 
EDTA (0.27m). After st^ilization by filtration (0.2^nM Millipore membrane), 
protein concentrations are determined and the preparations concmtrated with an 

30 Amicon Membrane Concentrator (Modes 202), The protein content is determined 
die metiiod of Lowry (Lowiy fit aL T BinK Chem. 123:265-275, 1951). 
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12 Lipoprotein OoddatioiL 

Lipoprotein arc oxidized by incubation LDL (200 microgram protein/mL) wth 5 
microgram CaS04 in modified T^ode's buffer without EDTA for 20 hours at 37 
(Steinbrecher et aL II supra)* Oxidation of lipoprotein preparations is assess^ as 
J 5 thiobarbituric acid reacting substances (Lowry et aL supca). 



L3 Separation of QaddativdjrModified Low Densi^ lipoproteiii bxm Hunan 
Platsnia* 

Venous blood is drawn from a normolq>idemic female subject receiving 500 
10 microgram bd of the antioxidant drug probucol and native LDL isolated from the 
plasma fay density gradient ultraoentrifugation as described above. The LDL is 
chromatographed on a ZS x 22 cm column of DEAE Sepharose CL6b (Pharmacia) 
equiEbrated with 0.04% (w/v) NH4HCO3, piH7.4, containing EDTA (0.1 mg/mL) 
and GSH (0.1 mg/mL> Hie LDL is eluted widi a linear gradient from 0 to 0.8M 
IS NaQ prepared with a GM-1 gradient mixer (Pharmacia) at a flow rate of 12 mL/hr. 
Eadi 2 ndL fraction is monitored at a wavdength of 280 nm for protein an^ 
for conjugated dienes formed by lipid peroxidation (Pryor ei aL Methods EnTymni, 
IQi 293-299, 1984). 



20 The ehition pattern of LDL on the ion exchange colimm is shown in Figure 1. The 
elution of LDL, determined by optical density at 254 nm, shows a peak at an NaQ 
concentration of 0.46M, overlapping the main protein peak, with a larger peak at an 
NaQ concentration of 0.62M overlapping the smaller protein peak. 

25 L4 Preparation of an LDL Subfiraction. 

Blood was collected from patients undergoing ccmmary angiography with or without 
angiograiducally^proven coronary artery disease. Blood was collected into Img/ml 
EDTA, which was subsequently present throughout the isolation of the LDL 
suhfractioiL 

30 

LDL was isolated from the plasma isopyonic ultraoentriguation followed by 
density gradient ultracentriguation as described below. 
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Plasma density was adjusted by 1.090 with solid KBr, overlaid with density solution 
of 1»090» and spun at 6000Qrpm, 4.7 hours at 4 in a Beckman 6071 fibsed ang^e 
rotor. The dearly visable and distinct LDL band was removed and the following 
gradient produced in Beckman polyailomer ultracentrifuge tubes: pL102 (4SmL\ 
5 LDL at pl.090 (9.0mL), pl,060 (3.QmL), pL056 (3.0mL), pL045 (3.QmL^ PL034 ^ 
(6mLX pl»024 (6mL), pl,019 (S.OmL) and pl.006 (2.2SmL). Hie gradient was span 
in a Bedanan SW2B rotor at 2800Qrpm, at 10**C for 39 hours. 

Fractions were collected using upward displacraient ida a Beckman fraction 
10 collection system, and LDL in the density range pl.0S7*1.063, as detennined by an 
Anton Faar DMA 38 densitometer was pooled and dialysed eaoensively against PBS 
andlmg/mLEDTAat4''C. The LDL sub^action was dien filtered and stored at 
4'C The elution profile of LDL is shown in Figure 2. 

15 EXAMPLE2 

2.1 TmmmiiMtion Procedure and Prqiaration of Monodonal Antibodies, 
Female BALB/c mice 6-8 weeks old are injected with 100 microgram of oddized 
LDL in complete Freund'sajuvant (SO microgram subscutaneously and SO mic^ . 
intraperitoneally) 4 weeks apan. Four weeks later, a booster injection of 150 

20 microgram of oxidized LDL in phosphate buffered saline (PBSX pH7A is pven 
mtr^)eritoneally. Three days after the booster injection, a single fusion of spleen 
cells to the mouse myeloma cell line NSl (Kohler et aL III wpiaL^ is performed 
using polyethylene glycol (Hnatowich et aL J. NucL Med, ^1294-1302, 1987). The 
resultant hybridomas are screened for antibodies directed against oxidized LDL usmg 

25 an EISA as described in Example 3.L Positive hybridomas are obtained and doned 
Using this method, iQfbridoma 4C12 was positive and produced 100 positive colonies 
on redoning, These clones inioduce two dasses of antibocty, Ig02b and IgjtA as 
determined by isotyping(CSLMisotype Kit). The hybridomas were further doned 
to produce a monodonal ^2b designated Mab 216. The dones were then 

30 eq>anded and Mab 216 separated by affinity diromatography on protein 
A-^Sepharose (Phannada). 
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EXAMPLE3 
3.1 Enzyme-lixiked IniRiunosorb^ Assay. 

The hybridomas are sareened using an enzyme-linked immunosorbent assay (ELKA). 
Ninety-six well microtiter plates (Bow Laboratories) are coated with 2mg/ml of 
4 s 03ddatively^odified LDL at overnight. The plates are then washed four times 
with FBS containing 0.05% (v/v) Tween 20 and then incubated for 4hr with 200 L 
of PBS containing 1% (w/v) bovine serum albumin (BSA). Hie plates are then 
incubated cfvemigjht at 4oC with varying oonoentradons ot the diluted antibocfy 
preparation. After washing the plate four times with PBS containing 0.05% (v/v) 

10 Tween 2Q» 100 L of alkaline phosphatase^njugated afBniQrpunfied goat and-mouse 
immunoglobuUxis (Organon Teknika) at 1:1000 dilution is added and the plates 
sorted at room temperature for 4 hr. Tlie plates are washed four tunes with PBS 
containing 0.05% (v/v) Tween 20 and 100 L prnitropheoyphosphate, (Sigma 
Chemicals) (1 mg/mL in SOmM bicarbonate buffer^ pH9.8» ImM Magnesium 

15 chloride) (Sigma Chemicals) is added The plates are stored at room temperature 
f or 1 hr and the reaction tenninated by die addition of 3M NaOH. The optical 
den^ty of the contents of each cell is measured at 405 nm (Titertek Multiskan 
MCC/340 EUSA reader). 



20 32 Biotinylation of the MoncKlonal Antibody Mab 216. 

A 50% (w/v) ammonium suphate cut of the culture supernatant is dialysed against 
NaHC03^pH8.5, for 36 hours and the protein concentration adjusted to 1 mg/mL. 
The solution is gently stirred on ice and the succinamide ester of biotin 
(sulfosucdnimidyl 6r (biotinamido) hexanoate, NHS*LC-biotin, Pierce Oiemicals) in 

25 saline added to a final concentration of 20 microgram of NHS-LC-biotin, Pierce 
Chemicals) in saline added to a final concentration of 20 microgram ci 
NHS-LC-biotin per mg of protein (Kohl^ et al m siqaa). The reaction is aUowed 
to proceed for 2 hrs and the product is separated from free biotin by dial^ against 
2x2LofPBSfor24hi^.. 

30 
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33 SandviichELISAforQxidativdy Modified LDL. 

Microliter wells are incubated ovemigjit at 4oC with Mab 216 (100 L of culture 
supernatant), blocked with PBS containing 1% (w/v) BSA for 1 hr at 31 <C and 
S washed with PBS containing 0«0S% (v/v) Tween 2.0. All subsequent washes are » 
done in the same way. Biotinylated Mab 216 (100 yg/mL) prepared as described 
in 3^ is added to each well (100/mL) and incubated for 1 hr at 37oC Hie plates 
are washed and 100 L of streptavidin peroxidase conjugate (BRL) (0^ pg/mL) is 
then added to eac^ well and incubated for 60 min. The plates are washed and 100 
10 L of orphen^enediamine (Sigma Chemicals) dissolved in 25mM sodium 
citrate/SQmM sodium phosphate, pH6, containing 0.4 L/mL ^ added Hie 
reaction is terminated after 30 min witii SO L of 4M sulphuric add and the 
absorbence determined at 492 nm (See 3*1). 

IS 3.4A Detection of ObddadvdyModiCedll^L in HimianPIasnia. 

The ELISA described in 3.1 above is. used to gratwiTw fractions obtained horn the 
separation of ooddativeljrmodified LDL iscdated from human plasma (See Example 
13). Hie fractions (100 pL) are added to microtiter wells containing adscnbed 
antibody Mab 216 and the EUSA carried out as described in 3.1. Maximum 

20 absorbence at 405 nm corresponck to the well containing the fraction representing 
oxidativelynnodified LDL (Figure 1). 

Human LDL treated in. Yitra with probucol and human LDL oxidized with Cu^"^ (100 
pL) is used to test the cross-reactivity of Mab 216 using the sandwich ELISA 
25 described in 33. Tliere is minimal colour development with probucol-treated LDL 
compared to LDL oxidized with Cu^"^. 

3w4B Detectian of QiddativelyModified LDL in Human Plasma. 
The methodology of the preset invention inchides detection c£ epitopes lost or 
30 gained due to the oxidative eront as detenniiied by a pand of monoclonal antibodies 
to both native and ooddised IDL« Although direct detection of oxidised LDL in 
plasma would be the most straight foiward procedure, other procedures are also 
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possible and are encompassed by the present invention. Such other procedures 
indude the detection of straight forward total LDL by ELISA and comparing 
quantitively differences with specific monoclonal antibodies ^^^ch recognise epitopes 
sensitive to oxidative processes. This indirect measurement would be tested using 
4 S procedures as described above. 

Those skilled in the art will qif^eciate that the invention described herein is 
suscepdble to variations and modifications other than those specifically described 
. It is to be understood that the invention includes all such variations and 
10 mo(£fications which fall within the its spirit and scope. Hie invention also indudes 
all of the sxepSt features, oompo^tions and compomxds referred to or indicated in 
this specification^ individually or collectively, and any and all combinations of any 
two or more of said steps or features. 
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THE CLAIMS DEFINING THE INVENTION ARE AS FOLLOWS: 

1. A method for detecting oxidatiyely^odified low dexisiQr lipoprotein (LDL) 
in a biological fluid vMch method comprises contacting the fluid to be tested with 
an antibody specific to oxidized LDL for a time and under conditions su£Ficient for 
an LDL-antibody convex to form and then detecting said complex. 

2. The method according to daim 1, ixberein the biological fluid is from a 
mammalfl 

3. The metiiod according to daim 2, herein the biological fluid is from a 
humaiL 

4. The method according to daim 3, herein the biological fluid is human 
plasma. 

5. The method according to daim 1, wherein the antibocty is a monodonal 
antibody: 

6. Hie method according to daim S, wherem the antibody is a murine 
mcmodonal antibody. 

7. Hie method according to daim 6, herein the monodonal antibodty is spedGc 
to Qoddized human LDL. 

8. The method according to daim 1, wfaaein the antibody is labelled with a 
rqxirter molecule capable of giving a detectable signaL 

9. Tlie metiiod according to daim 1» comprising the additional step of contacting 
the LDL-antibody complex with a second antibo^ ititeractive with said first antib 
and labelled with a reporter molecule capable of giving a detectable signal for a time 



wo 94/23302 FCT/AI)94/€0171 

•19- 

and under condidoDs sufficient for a LDL-antibody-labelled antibody complex to 
fomu 

10. A method for detecting oaddativelynnodified low density lipoprotein (LDL) 
in hmnan plasma ^ch comprises contactixig the pla^a to be tested witii a 
monoclonal antibody interactive with a»dized-LDL for a time and under conditions 
suffident for an LDL-antibody complex to form and then detecting said complex. 

11. The method according to daim 10^ herein the antibotty is a murine 
monodonal antibody. 

12. The mediod according to daim 10, wherein the antibody is labdled with a 
reporter molecule capable of giving a detectable signal. 

13. The method according to daim 10 comprising the additional step of 
contacting the LDL-antibody complex with a second antibody, said second antitx>dy 
interactive with said first antibotfy and labelled with a reporter molecule capable of 
giving a detectable signal, for a time and under conditions suffident for an 
LDL-antibody-labelled antibody complex to form. 

14* A method for detecting antibodies interactive with oxidized LDL in a 
biological fluid whidi method conqirises contacting the fluid to be tested with 
oxidized LDL for a time and under conditions suffident to form an antibody LDL 
complex and the detecting said complex. 

15. A method according to daim 14 v&erein the biological fhiid is human plasma. 

16. A method according to daim 14 or IS herein the complex is detected by 
contacting tibe complex with an antibody labelled with a reporter molecular cq>able 
of ghdng a detectable signal, said antibo^ capable of Innding to ooddized LDL or 
an antibocty in an immune oomidexTtdth oxidized LDL and then detecting bmding 
of said labelled antibody. 
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17. A method according to claim 16 wherein the lablelled antibody is a 
monoclonal antibody. 

18. A method for assessing coronary heat disease risk in a human comprising 
quantitating the level of osddativelyinodified LDL, or oadized LDL in an immune 
complex \vith antibodies thereto in plasma from said human, said method comprising 
contacting said plasma iwith a monoclonal antibocfy specific to ooddized LDL for a 
time and under conditions sufficient to form an LDL-antibody complex and 
subjecting said complex to a quantifying detecting means and comparing the level so 
detected to a predetermined amount 

19. A method for assessing coronary heat disease risk in a human comprising 
quantitating the level of antibodies specific for oxidativelymodified LDL or 
antibodies in an immune complex with oxidized LDL in plasma from said human, 
said method comprising contacting said plasma with oxidized LDL for a time and 
under conditions sufficient to form an antibody LDL complex and subjecting said 
complex to a quantifying detecting means and comparing the level so determined to 
a predetermined amount 

20. A kit for the detection of oxidativelyinodified LDL, said kit comprising in 
compartmentalized form a first contain adapted to contain an antibody interactive 
with oxidized LDL and a second contain adapted to contain a second antibody 
interactive wiht said first antibo(fy and labelled with a reporter molecular c^>able dt 
giving an identifiable signaL 

21. A kit according to daun 20 \Kiierein said second antibody is labelled with an 
en^me and wherein said kit further comprises a third container ada|)ted to contain 
a substrate for said en^me. 

22. Akit for the detection of antibodies ineractive witii oxidativi^rmodified LDL, 
said kit comprising in oompartmental form a fist container adapted to oontam 
oxulized LDL and a second container adq)ted to contain an antibocty labelled vnih 
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a reporter molecular capable of giving an identifiable signal and interactive ^th said 
antibody interactive with ondized LDL. 

23, A kit according to daini 22 herein said labelled antibody is an anti-human 
antibo^. 

24. A kit according to daim 22 or 23 wherein the report molecular is an 
enzyme and said kit further comprises a third container ad^ted to contain a 
substrate for said en^me. 
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